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Conductivity, makes it possible to obtain a reason-
ably low and, constant temperature over this part
of the engine*

In the air-cooled iY>ur-cylinder-in-line type it is

usual to take the air In through a hole in the front
of the engine cowling, and to guide It round the

cylinders by various passages and channels formed
of thin aluminium sheet* In this way, it is possible
to obtain adequate cooling for small engines of this

type; many engines cooled in this way have
sliown extraordinary reliability in service.

The difficulties we have been discussing do not
exist when the heat is transferred to the air by the
medium of water, for, as the water can be allowed
to circulate all round the cylinders and the cylinder
heads, the temperature of these parts can be made
nearly uniform. Again, we are not limited to using
the air which can be induced to flow round a
cylinder to carry our waste heat away; we can use
as big a radiator as we wish, within reason: hence,
no matter how much heat our engine may throw
out, we caii get rid of it.

The engine itself is also cooler, as the water
cannot be allowed to exceed a temperature of
2I2C P., or else it would boil away, so that the
radiator has to be big enough to keep the tempera-
ture of the water down to a lower figure than this
under all conditions.

If we allow air to flow through a radiator we
cannot help producing a large number of vortices
which cause resistance, and it has been found that
the existence of a radiator means quite a large
addition to the total air resistance of an aeroplane,
though this additional resistance is less than would
be caused if the aeroplane was fitted with an
equivalent radial engine of the direct air-cooled
type. It is. however, possible in certain sorts of
aeroplanes to reduce this additional resistance to
nothing. This has been done on Schneider Cup
racers, where the wings themselves are used as
radiators, the water used for transferring the heat
being made to flow through the surface covering
of the wing, the covering being constructed of two
metal sheets with a. thin space between. It is
interesting to note that in the most recent races
the total surface of the wings was hardly sufficient
for this purpose, so that if the aeroplane was flown
too long at full power the water got too hot. It
would seem, therefore, that in future aircraft of
this type the area of the wings may be fixed by the
amount of he^t that has to be got rid of rather
than by the weight of the aeroplane and the landing
speed wanted, as is usually the case.

Such radiating wings have been tried in aircraft
of more usual type, but it is found that it is difficult
to get the water to circulate properly and uniformly
over a large wing,, and also that such a radiator is
heavy. Hence, they have not, so far, come into
general use.

If we wish to transfer heat from a radiator to the
air pa-sing through it, we shall find that tfee hotter

the radiator the more heat we can transfer, as this
depends largely on the difference of temperature
hftween the radiator and the air. Hence, if we
want to get rid of the heat from a particular engine,
the hotter we can keep the radiator the smaller it
m*ed be, and we shall gain because the air resistance
and the weight of the smaller radiator will both
be reduced.
With water this radiator must obviously be less
than 212" F.. as we do not want the water to boil,
but it is possible to find chemical liquids which
have a considerably higher boiling point than
water, and to use them for transferring the heat.
One liquid which has been used for this purpose Is
called ethyl-glycol. and as this has a boiling point
more than double that of water its use would
enable us to have a much hotter and, therefore,
much smaller radiator. Actually, the maximum
temperature we can use is limited by the fact that
too high a- temperature in the circulating fluid is
not good for the engine, but we can still raise the
radiator temperature materially as compared with
water, and can gain an important advantage In
this way.
So this 28 per cent of the energy or power
supplied to the engine which escapes through the
cylinder walls and head not only makes it necessary
to carry about on our aeroplanes a considerable
amount' of petrol which is completely useless to us
for propulsion, but usually we have to apply some
of the useful power which our engine does develop
for the purpose of getting rid of it, as all the
methods of doing this which can be used on an
ordinary aeroplane entail increased resistance and.
hence, use power. So, practically, the actual
efficiency of our engine as a means of propelling
an aeroplane is certainly less than 25 per cent, and
frequently much less than this figure.
Tills trouble of getting rid of heat that cannot
be usefully used is one which is common to most
types of heat engines: in fact, the designer of such
engines has frequently to use more skill In wasting
the heat that he knows must be wasted than In
turning the highest possible amount of the heat
into useful power, for the latter is often easier to
do than the former.
A certain amount of heat Is also used in heating
the piston. Most of this is transferred to the
cylinder walls, though a certain small proportion
is carried away by the lubricating oil. The oil also
carries away the heat which is generated by the
friction in the bearings, and In large engines some
provision is usually necessary to dissipate this
heat, otherwise the lubricating oil would get too
hot for use. So a special radiator is frequently
used, by rn.ea.ns of which the oil is cooled by trans-
ferring its heat to the air flowing by.
So with all this heat being thrown away the air
behind an aeroplane is appreciably warmer than
the air elsewhere. An Atlantic liner heats up the
water behind It because it, too, being propelled by